Edible lm coatings are widely used as a protective barrier for the reduction of transpiration and respiration, therefore reducing the ripening process in fruits and vegetables and improving their quality. e in uence of chitosan 1% and alginate 3% enriched with olive leaves extract (OLE) on the quality of sweet cherries was studied. Overall, the ripening process and the increase in anthocyanins were found to be delayed with the use of coating particularly those composed of chitosan in combination with OLE. Ascorbic acid and total phenolic contents were recorded with restricted loss at the end of 20 days of storage in both chitosan-and alginate-coated samples enriched with OLE. Higher values of antioxidant activity expressed as the percentage inhibition of DPPH were reported in correlation with phytochemical content. It could be concluded that chitosan and alginate coating enriched with OLE could be e cient for prolonging the shelf life of sweet cherries.
Introduction
Sweet cherry (Prunus avium L.) is one of the most appreciated fruits by consumer due to its high content in essential dietary components and is mainly consumed as not processed. Healthpromoting e ects related to its content in phytochemicals such as ascorbic acid, anthocyanins, and phenolic compounds are recently proved by many epidemiological studies [1] . However, sweet cherries deteriorate rapidly after harvest due to the high respiration rate and metabolic activities which result in a decrease in acidity and phytochemical content, weight loss, and change in color and total soluble content [2] .
Recently, the preservation of fruit quality and the increase of their shelf life are maintained by the use of edible coatings which could retard some physiological processes such as respiration and transpiration [3] . Generally, lm from polysaccharides such as alginate and chitosan, proteins, and lipids are commercially used and could be applied to protect the whole fruit [4] .
Chitosan is a high-molecular-weight carbohydrate polymer produced by the deacetylation of chitin [5] . It is widely applied in the storage of fruits and vegetables as a semipermeable lm that regulates the internal atmosphere and reduces the transpiration, thus extending their shelf life [5] . Results of di erent studies proved that the application of chitosan was e ective in retarding the ripening process of strawberries [6] , sweet cherries [7] , papaya [3] , and carambola [8] .
Alginate is a natural polysaccharide extracted from brown seaweeds from the family of Phaeophyceae. It has several lm-forming properties such as transparency and uniformity and serves as an excellent barrier to moisture [9] . In particular, alginate has unique colloidal properties allowing its use as a thickening agent and a stabilizing material [10] . It is widely used to enhance the shelf life of many fruits and vegetables by reducing dehydration, controlling respiration, and improving mechanical properties [11] . Several studies reported the use of alginate for delaying the ripening process of tomato [12] , pineapples [13] , watermelon [14] , and sweet cherries [15] .
A wide variety of natural extracts and essential oils could be used to enrich the edible coating in order to enhance their properties [16] . Chitosan enriched with pomegranate peel extract and moringa leaf extract was found to be more effective in maintaining the fruit quality of guava and avocado [17] . e shelf life of "Newhall" navel orange was extended by the use of chitosan coating enriched with hairy fig (Ficus hirta Vahl.) fruit extract [18] . Alginate coating enriched with grapefruit seed extract showed a good preservation of antioxidant activity and antifungal effect on grapes [19] .
Olive leaves (Olea europaea L.) are considered as a potential source of several bioactive compounds mainly a wide number of phenolic compounds of diverse nature [20] . Olive leaf extract (OLE) is known to possess high antioxidant and antimicrobial activities and therefore is effective against several diseases such as coronary disease, diabetes, and some bacterial infections [21] .
erefore, the addition of olive leaves extract into edible coating materials could possibly improve the phytochemical status and the shelf life of sweet cherries.
Several previous researchers used different polymers for prolonging the shelf life of sweet cherries including chitosan and alginate. However, to the best of our knowledge, there is no report on the use of chitosan or alginate enriched with olive leaves extract on the ripening process of sweet cherries and their phytochemical status during storage. erefore, the aim of this study was to evaluate the effect of the addition of olive leaves extract to chitosan or alginate on the postharvest quality of sweet cherries during 20 days of storage. Based on previous researches dealing with film-based coating for the maintenance of fruit quality, the hypothesis of our research is that the addition of OLE will improve the properties of chitosan and alginate film coatings.
Materials and Methods

Plant Material and Experimental
Design. Sweet cherries (Prunus avium L., Bigarreau Burlat cultivar) were brought from the local fruit market of Tartous city. Fruits were selected at commercial maturity stage, free from any diseases or physical injuries. ey were sorted for uniform size, shape, and color. e selected fruits were washed with water and dipped in 1% sodium hypochlorite for 10 min and then air-dried. After complete drying, fruits were grouped into 5 sets and immersed in the film solutions for two minutes to assure the uniformity of the coating of the whole surface as follows: (1) 3% alginate, (2) 1% chitosan, (3) 3% alginate + 1% OLE, (4) 1% chitosan + 1% OLE, and (5) distilled water as control. e coated fruits were dried for 30 min under air-flow heater at 25°C, packed in plastic boxes, and stored at room temperature (25 ± 5°C and 65 ± 5% relative humidity). Fifteen fruits were analyzed in triplicate at an interval of 4 days till 20 days of storage as the fruit became unacceptable for consumption due to decay or infection.
Preparation of Edible
Coatings. Sodium alginate powder (Sigma-Aldrich) was dissolved in distilled hot water (45°C) at a concentration of 3% (w/v). After cooling, 10% glycerol and 2% (w/v) calcium chloride solution were added to the alginate solution as a plasticizer and a firming agent, respectively [17] .
One gram of chitosan (Sigma-Aldrich) was dispersed in 100 mL aqueous solution of glacial acetic acid (0.5% v/v) with constant agitation at room temperature for 1 h to obtain complete dispersion [20] . e pH value was adjusted to 5.6 with 1 M NaOH, and glycerol (0.75%) was added as plasticizer.
Olive leaves extract was prepared by mixing 2 g of grounded leaves with 100 mL of 40% ethanol at 60°C for 120 min. e extract was centrifuged at 5000 rpm for 5 minutes. e supernatant was concentrated using rotary evaporator at 40°C. is OLE was incorporated at 1% level in chitosan and alginate solutions [20] .
Fruit Weight Loss.
Weight loss was determined in each set by the following equation [22] :
where w0 is the initial weight of fruit samples and w1 is the weight of fruit samples at each storage period. e weight loss was expressed as the percentage loss compared with the initial weight.
Total Soluble Solids and Titratable Acidity.
Cherry juice was extracted from 3 fruit samples and filtered. Total soluble solids (TSS) were measured according to AOAC using an Abbe 3-L refractometer and reported as°Brix [23] . Titratable acidity (TA) was measured by NaOH (0.1 N) and expressed as g of malic acid equivalent per 100 g fresh weight [24] .
Ascorbic Acid Content.
Determination of ascorbic acid in the sample was made by 2,6-dichloroindophenol titrimetric method (AOAC Method 967.21). First, the fruit extract was prepared by maceration using 3% metaphosphoric acid (HPO 3 ). en, the prepared extract was filtered and titrated with 2,6-dichloroindophenol until the rose pink color persisted for 15-20 s [25] . e ascorbic acid content was expressed as mg per 100 g fresh weight.
2.6. Antioxidant Activity, Total Phenolics, and Anthocyanins Determination. To evaluate the antioxidant activity of cherry fruit during the storage period, the method of 2,2diphenyl-1-picrylhydrazyl (DPPH) was used [26] . For the preparation of cherry extracts, samples of 5 mg in 20 mL of methanol were homogenized and placed in an ultrasonic bath for 30 min at 4°C and centrifuged. e supernatant was filtered, and 3.9 mL of DPPH was added to 0.1 mL of the extract. After an incubation period of 60 min, in a dark room, the absorbance of the mixture was measured at 520 nm using a Shimadzu UV-vis double-beam spectrophotometer and methanol as blank. Radical scavenging activity was expressed as the percentage inhibition of DPPH radical. e same methanol extract was also used for total phenolic content determination using Folin-Ciocalteu Journal of Food Quality method. To 0.1 mL of the sample, 0.5 mL of 1 N Folin-Ciocalteu reagent, 2.9 mL distilled water, and 2 mL Na2CO3 (20%) were added. e mixture was incubated for 30 min in a water bath at 40°C. e absorbance was taken at 734 nm using a UV-visible spectrophotometer. Total phenolic content was calculated in terms of mg of gallic acid equivalent per 100 g fresh weight of the sample. e anthocyanin content was quantified according to the method of Serrano et al. [27] . 5 mL of the methanol extract was loaded onto preconditioned C18 Sep-Pak cartridge and eluted using acidified MeOH (0.01% HCl). e absorbance of the collected fractions was performed at 530 nm, and the anthocyanin was expressed as cyanidin-3-glucoside equivalent (molecular weight of 449.2 g/mol and molar absorption coefficient of 23 900 l/cm·mol), and the results were expressed as mg/100 g.
Statistical Study.
Data are expressed as the means ± standard deviation. To determine the difference between uncoated and coated fruits in each sample, one-way ANOVA test was used and differences at p < 0.05 were considered significant.
Results and Discussion
Weight loss increased during storage, reaching values of 9.63 ± 0.12% in control fruit after 20 days. e weight loss was significantly lower at 8.83 ± 0.21%, 7.75 ± 0.08%, 6.13 ± 0.26%, and 5.35 ± 0.17% in samples coated with alginate, alginate + OLE, chitosan, and chitosan + OLE, respectively. is weight loss is correlated with an increase in water loss due to rise in transpiration and respiration [19] .
is could be explained by the high surface/volume ratio in sweet cherries and their low skin diffusion resistance [28] . Similar results were reported in previous studies with other edible coatings and concluded that edible films created a physical barrier against moisture loss and reduced the transpiration rate [29] .
As presented in Table 1 , the TSS at harvest was 17.83 ± 1.26°Brix and this value increased slightly during storage probably due to the water loss, activity of hydrolytic enzymes, or the decrease in respiration rate and conversion of sugars in CO 2 and H 2 O during the storage period [30] . After 20 days of storage, the lowest (18.62 ± 0.46°Brix) and highest (19.16 ± 0.49°Brix) amounts of TSS were related to chitosan-OLE and control samples, respectively, with no significant differences (p > 0.05). Nabifarkhani et al. [31] found same results for sweet cherries coated by chitosan and thyme oils. Our results are also consistent with those of other studies for other fruits such as strawberries, guava, mango, and banana [7, 32] .
Titratable acidity estimates the organic acid content of fruit which generally decreases during postharvest storage due to the use of organic acids as substrates for respiratory metabolism [33] . As noticed in Table 1 , TA decreased during storage time in both uncoated and coated fruit samples, but this decrease was less noticeable in coated fruit. e lower acidity loss in chitosan-coated fruit during storage was also reported in other studies on sweet cherries, guava, and strawberry [7, 32] . Same results were previously found for fruit coated with alginate [22] . Nair et al. [17] also confirmed that the decrease in TA occurred at a slower rate in guava fruit coated by chitosan or alginate in combination with pomegranate peel extract. e same results were found for blueberries coated by chitosan enriched with Aloe vera [34] .
Overall, the ripening process in sweet cherries was found to be slightly retarded with the use of film coating particularly chitosan in combination with olive leaves extract. Similar results have been reported in case of guava coated with chitosan enriched by pomegranate peel extract [17] , blueberries coated with chitosan in combination with Aloe vera extract [34] , and mandarin coated with alginate in combination with Ficus hirta fruit extract [18] .
Ascorbic acid is a potent free radical scavenger that prevents the degradation of fruit during the ripening process [35] . As noticed in Figure 1 , the content of ascorbic acid had no significant difference (p > 0.05) between different samples during the storage time. In contrast, it was previously found that the application of chitosan coatings enriched with pomegranate peel extract on guava decreased the loss of ascorbic acid during storage [17] . Similar results of delay in ascorbic acid in chitosan-coated sweet cherries were reported by Dang et al. [36] who hypothesized that coating materials lowered the oxygen permeability and the activity of enzymes resulting in the prevention of the oxidative deterioration of ascorbic acid.
Phenolic compounds are secondary metabolites, which are produced in many plants through phenylpropanoid metabolization. ey possess potent free radical scavenging activity, could chelate metal ions, and modulate some enzymes activity [37] . Figure 2 represents the changes in total phenolic content in sweet cherries samples during storage using different coating materials. All fruit samples showed an increase in phenolic compounds concentration during the first 8 days of storage followed by a decline in concentrations until the end of storage attributed to the activity of peroxidase and polyphenol oxidase enzymes [3, 15, 19] . Coated fruit exhibited a lower rate of decrease in total phenolic content values compared with uncoated fruit probably due to lower permeability of oxygen and thereby lower activity of enzymes [38] . Significant difference (p < 0.05) in total phenolic content was found between samples coated with edible coatings enriched by OLE and control. e maximum retention of phenolic compounds was observed in both chitosan-and alginate-coated samples enriched with OLE (90.98% and 90.79%, respectively), followed by chitosan-and alginate-coated samples (76.87% and 75.04%, respectively). Previous studies demonstrated that the loss of phenolic compounds could be restricted as effect of coating in various fruits such as guava coated with chitosan enriched by pomegranate peel extract [17] and strawberries coated with alginate in combination with antimicrobial agents [37] .
Anthocyanins, one of the major groups of flavonoids, are natural water-soluble pigments connected with ripening stage of the fruit and mainly used as an indicator of cherry quality [39] . e concentration and distribution of cyanidin-3-O-glucoside and cyanidin-3-O-rutinoside in the skin mainly influence the color of cherries. As can be seen in Figure 3 , anthocyanins increased during the storage period as ripening progressed. After harvest, the total anthocyanin content was 23.65 ± 2.65 mg/100 g. Significant difference (p < 0.05) in the anthocyanin content was only reported for samples coated with chitosan enriched by OLE compared with control samples. At the end of storage period, the lowest (32.76 ± 3.15 mg/100 g) and highest (43.26 ± 65 mg/100 g) amounts of anthocyanin were related to chitosan enriched with OLE and control samples, respectively. e increase of anthocyanins after harvest has been previously reported for cherries [15] and other fruits such as strawberries and pomegranate and may be pertained to the anthocyanin synthesis in the fruit during storage [33] . As shown in Figure 3 , the dense structure of edible film coating reduced the increase of anthocyanins, probably due to changes in the fruit internal atmosphere.
In the present study, the antioxidant activity (AOA) expressed as the percentage inhibition of DPPH radicals increased slightly in cherry fruit within the first four days and subsequently decreased in all samples, with significant differences only showed for samples coated with chitosan enriched by OLE ( Figure 4 ). e increase in AOA could be partially due to the internal atmosphere modification caused by edible coatings which results in the initial accumulation of phenolic compounds [40] . Alginate coating was found to improve the AOA in coated Ficus hirta fruit and grapefruits [19, 38] . Petriccione et al. [33] reported an increase in the AOA in chitosan-coated strawberry fruit within the first six days. is behavior might also be explained by the Maillard Finally, we were able to prove that our hypothesis about the improvement of chitosan and alginate film coatings properties by the addition of OLE was right.
Conclusion
Edible coating containing natural extracts has been widely used for extending the shelf life of fruits and vegetables. e present study found for the first time that the use of olive leaves extract in combination with chitosan or alginate has a positive influence on the physicochemical traits of the sweet cherries. ey were proved to retard the ripening process of sweet cherries with a maximum retention of phenolic compounds compared with uncoated fruit samples. Moreover, the retention of phytochemicals was correlated with better antioxidant capacity in samples coated with chitosan enriched by OLE. Further researches should be followed in order to determine other properties of coatings developed from various polysaccharides enriched with olive leaves extract such as antibacterial activities and to extend the work on other fruits and vegetables.
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